Food protein-induced enterocolitis syndrome (FPIES) is a non-IgE-mediated allergic disorder that occurs predominantly in infants and young children. Previous studies of FPIES have been largely based on retrospective case cohorts and highly selected populations from tertiary allergy clinics. These have suggested FPIES is a rare disorder, but its true incidence is unknown.
FPIES is triggered by ingestion of newly introduced food proteins. A previous Australian study identified grains as the most common allergenic trigger 1 compared with US, 2 Israel, 3 and United Kingdom 4 cohorts in which FPIES to cow's milk predominates. Data from tertiary cohorts in the United States 2, 5 have suggested that FPIES often involves reactions to multiple foods and to foods that cluster within similar taxonomically related groups, 6, 7 but characteristics that predispose to FPIES and FPIES to multiple foods are unclear.
We sought to determine the incidence of acute FPIES in the Australian population, the clinical and demographic characteristics of infants presenting with FPIES, and whether food triggers were clustered by taxonomic relationships and to identify risk factors associated with FPIES to multiple foods.
METHODS

Patient identification
Acute FPIES cases (according to standardized case definition, see below) were reported between January 2012 and May 2014 by using the Australian Paediatric Surveillance Unit (APSU) process. 8 Monthly report cards listing conditions under surveillance were e-mailed to approximately 1400 pediatricians (subspecialists and general pediatricians) who indicated whether they had seen a patient with acute FPIES in the preceding month. On report, clinicians completed a deidentified questionnaire (see Item E1 in this article's Online Repository at www.jacionline.org) with detailed demographic, diagnostic, and clinical data. Participants who had no cases to report that month were asked to respond ''nothing to report.'' Follow-up with reporting clinicians was undertaken to confirm case definitions, missing data, or both per the study protocol (see Item E2 in this article's Online Repository at www.jacionline. org). Details of subsequent FPIES during the study period to a new food in 
Case selection
Because it was not possible to verify the acute FPIES diagnosis based on an observed food challenge, a 2-step process was applied to potential cases before inclusion in the study (Fig 1) .
The APSU case definition for reporting clinicians was as follows: any child less than 24 months of age during their first reaction, seen within the last month (not previously reported to the APSU), and meeting the following modified criteria of Sicherer et al 9 :
(1) repeated episodes of vomiting typically presenting within 4 hours after ingestion of a food protein that has been recently introduced into the diet without any other cause identified for the episode of vomiting AND (2) absence of fever (>388C) and any cutaneous (urticaria, hives, and/or angioedema) and respiratory (difficulty in breathing/talking, swelling of tongue, tight throat/hoarse voice, wheeze and/or persistent cough) clinical features at the time of reaction AND (3) removal of the offending food protein from the diet resulting in symptom resolution.
For inclusion in the study, investigators verified the APSU reporting criteria and also required at least 2 additional minor criteria as follows:
(1) a second (or more) episode of profuse vomiting after eating the same suspect food; (2) a profuse vomiting episode within 4 hours of eating a different and newly introduced food; (3) hypothermia (<368C); (4) hypotension requiring intravenous fluids; (5) presence of lethargy, floppiness, and/or pallor; (6) presence of diarrhea within 24 hours of the initial reaction; and (7) observation in an emergency department during any episode.
We applied these more stringent secondary clinical criteria because vomiting alone is a common pediatric presentation with a wide diagnostic differential, and it was not possible to confirm submitted cases based on an oral food challenge (OFC). We excluded any cases of diarrhea alone because of the potential of including cases of food intolerance or other non-IgE-mediated gastrointestinal tract allergy (eg, allergic proctocolitis) and because cases of FPIES with diarrhea alone appear to be rare apart from neonatal cohorts from Japan. Use of additional minor diagnostic criteria is in line with recent international consensus guidelines on FPIES. 10 
Data recording and analysis
Individual trigger foods were recorded. Foods were grouped according to the following classification for analysis: grain, cow's milk, soy, egg, fish, meat (chicken, beef, lamb, and pork), vegetable, fruit, and other. Infants with multiple-trigger FPIES were defined as 2 or more individual food groups reported to cause separate FPIES reactions. Where reports fulfilled case definition but some data fields were missing, all possible available data were included in the analysis.
Statistics
Continuous data were described as means (SDs) or medians (interquartile range [IQRs] ). The Mann-Whitney U test was used for comparisons between skewed variables. Associations between categorical variables were analyzed by using x 2 analysis. Pairwise comparisons between food groups within patients were assessed by using the McNemar test, where individual food trigger pairs were examined for evidence of any imbalance between members of the pair. In infants who reacted to one member (food) of the pair but not the other, these tested whether there was evidence that one of the foods was more likely to cause a reaction than the other. These tests were performed both in infants who were known to have been exposed to both members of the pair and also irrespective of exposure status. Correlations between pairs of food groups were described by using phi coefficients (numerically equal to Pearson correlations) and plotted on a grid. There was no adjustment made for multiple statistical comparisons. All analyses were performed with SAS software (version 9.3; SAS Institute, Cary, NC). The incidence rate per 100,000 births/y was calculated as the number of reported cases over the sum of the reported population of infants 0 to 24 months of age for the year ending June 2013 (midpoint of study period) according to Australian Bureau of Statistics population data (http://www.abs.gov.au/AUSSTATS/abs@.nsf).
Ethics
The study was approved by the Human Research Ethics Committee at the Sydney Children's Hospital network (11/CHW/9).
RESULTS Incidence
Two hundred thirty infants aged less than 24 months with acute FPIES who met the final inclusion criteria were identified over the 29-month period, with a new-case incidence of 15.4/100,000/y. One hundred sixty-nine (73%) were reported to the APSU by pediatric allergists/immunologists, 55 (24%) by general pediatricians, and 6 by other physicians. By state of residence at the time of report, infants were from New South Wales (n 5 86), Victoria (n 5 51), Queensland (n 5 40), South Australia (n 5 24), and Western Australia (n 5 28), with no reports from the Australian Capital Territory, Tasmania, or the Northern Territory. The regions with no reports represent less than 5% of all reporting pediatricians. The state-based incidence ranged between 13 and 24/100,000/y.
Demographics
Demographics of the cohort are presented in Table I . The median age at notification to the APSU was 10 months (IQR, 7-14 months). There was no sex predilection. One hundred thirteen (49%) infants were reported to have a current history of an allergic disorder, with 33 having 2 or more disorders. Peanut, cow's milk, and/or egg were the most common IgE-mediated food allergies reported (n 5 23; 3 had had a prior clinical reaction, 12 were avoiding the food based on a positive skin prick test [SPT] response [size was not recorded], and in 8 cases no further information was provided). Infants with FPIES and eczema were more likely to have an IgE-mediated food allergy (28 [30%] of 94; 2 had data missing) compared with those without eczema (9 [7%] of 133; 1 had data missing; P < .0001).
Feeding history
Duration of exclusive breast-feeding was available in 210 of 230 infants (Table I) . Eleven (5%) infants had FPIES reactions while exclusively breast-feeding. Of these infants, 8 had cow's milk as their reported first trigger food (2 had grains and 1 had chicken). Seven were reported to subsequently have FPIES to more than 1 food trigger (but not necessarily through breast milk). These triggers were not able to be verified by food challenge. Timing of first solid-food introduction was available in 215 of 230 infants. Of these 215 infants, solids were introduced in 7 (3%) infants at less than 4 months of age, 185 (86%) by 4 to 6 months of age, 9 (4%) by 7 to 12 months of age, and 1 by greater than 12 months of age, and 13 (6%) had no solids introduced at the time of the report. The type of solid first introduced was recorded in 190 of 230 infants. Rice (152 [80%]) was the most common first solid, followed by vegetables (26 [14%] ) and fruits (10 [5%] ). The type of first weaning food was not associated with an increased risk of FPIES to cow's milk or rice (P 5 .71). The median time of formula introduction for those infants with and without FPIES to cow's milk was 3.1 and 3.8 months, respectively (P 5 .97); however, there were some missing data from infants without FPIES to cow's milk for this variable.
Family history
One hundred twelve infants had at least 1 sibling, and 8 (7%) of those had siblings who were reported to have had a history of FPIES (no further information was recorded). Thus if the incidence rate of FPIES is 15.4/100,000/y, this would mean a sibling risk would be marginally increased to 16.4/100,000/y.
A family history in a first-degree relative of allergic disease (asthma, eczema, allergic rhinitis, or IgE-mediated food allergy) was common, present in 57% of children, and reported in 97 (42%) mothers, 71 (31%) fathers, and 43 siblings (38% of those with siblings). A family history of allergic disease was more likely in infants who had a sibling with FPIES compared with those without FPIES (8/8 [100%] vs 64/104 [62%], P 5 .03).
FPIES episode characteristics
Because some infants were reported to have reacted to more than 1 food, there were 350 FPIES triggers to a total of 40 different foods in 230 infants.
Time to diagnosis. The median age at the first episode was 5.0 months (IQR, 4-6 months), and age at diagnosis was 7 months (IQR, 5.5-11 months). The median delay in diagnosis was 1.5 months (IQR, 0.5-4.5 months; Table I ). Infants often presented with multiple episodes before a correct diagnosis was made (Table II) . Of those presenting to a health professional after their first FPIES reaction, in 57 (25%) a correct diagnosis was made after their first reaction, in 99 (44%) a correct diagnosis was made after 2 reactions, and in 68 (30%) a correct diagnosis was made after 3 or more reactions.
Number of exposures before first known FPIES reaction. Of the 350 first FPIES reactions to individual food triggers, the number of times the food had been ingested before a reaction was recorded in 311 cases. One hundred fifty-eight (51%) infants reacted on their first known exposure, 45 (14%) J ALLERGY CLIN IMMUNOL VOLUME 140, NUMBER 5 reacted after 1 previous tolerant exposure, 33 (11%) reacted after 2 tolerant exposures, and 75 (24%) reacted after 3 or more tolerant exposures (Table II) . Of infants who reacted to fish, fewer had a history of tolerant exposures compared with other infants who reacted to other food groups (P 5 .026).
Symptoms. The median onset of symptoms was 2 hours after ingestion (IQR, 1.5-2.5 hours) and was consistent across all food trigger types (Table II) . Presenting clinical features in children during any episode of FPIES are summarized in Table I . Profuse vomiting was present in all per the case definition, followed by pallor (78%), lethargy (75%), floppiness (70%), diarrhea (35%; 6% with bloody diarrhea), hypotension (16%), and hypothermia (10%).
Trigger food or foods causing FPIES
Individual food triggers. The most common individual food trigger in infants was rice (45%), followed by cow's milk (33%), egg (12%), oats (9%), and chicken (8% ; Table II) . One hundred fifty-six (68%) of 230 infants had only 1 identified trigger food at the time of data collection. Of the remainder, 46 (20%) had 2 triggers, 15 (7%) had 3 triggers, 8 (3%) had 4 triggers, and 5 (3%) were reported to have 5 or more triggers (Table I) .
Triggers by food group. By food group, grains were the most common food triggers (52%), followed by cow's milk (33%), egg (12%), meats (10%), fruits (10%), vegetables (8%), soy (7%), fish (5%), and others (3%). Seventy-three percent (n 5 168) of infants had reacted to 1 food group, and 27% (62) reacted to 2 or more food groups.
Exposure to modified forms of trigger foods. Four of 5 infants with FPIES to egg and reported exposure to baked egg reacted to baked egg. Twelve children with FPIES to cow's milk reported exposure to baked milk, and all were tolerant.
Allergen sensitization to food triggers. An SPT to 224 of 350 individual food triggers was performed in 152 infants. The SPT response was less than 3 mm to the triggering food in 211 (94%) instances, 3 to 4 mm in 7 instances, and 5 mm or more in 6 instances. Of those infants with SPT results, those with FPIES to egg were more likely to have a SPT responses of 3 mm or greater (28%) compared with all others (3%, P <.0001). An SPT response of 3 mm or greater to the trigger food was reported in 7 of 25 infants with FPIES to egg, 4 of 49 infants with FPIES to cow's milk (4/49 [8%]), and 1 of 78 infants with FPIES to grains. Serum specific IgE measurement to the food trigger was performed in 2 instances, and results were negative in both cases.
Factors associated with FPIES to multiple food groups
Infants with FPIES to multiple food groups were younger at the initial FPIES episode than those with FPIES to a single food group (median, 5.0 vs 5.5 months; OR for multiple triggers 0.84 per month, 95% CI [0.74-0.95], P 5.0049). This remained significant when adjusted for age at survey completion to allow for the potential that those with FPIES to a single food might not have had time to react to another food trigger.
The proportion of infants with FPIES to multiple foods who were exclusively breast-fed for less than 4 months was higher than those with FPIES to single food groups (11% vs 20%, P 5 .06). A higher proportion of infants with FPIES to fruits, vegetables, or both had FPIES to multiple food groups when compared with other food groups (66% vs 21%, P < .0001).
There were no differences in infants who had FPIES to multiple food triggers versus those with FPIES to single food triggers with respect to sex, mode of delivery, personal or family history of allergy, history of siblings with FPIES, age of solid-food introduction, or sensitization (SPT) to the food trigger.
Associations between food trigger groups
We examined food group associations using 2 methods, phi coefficients and the McNemar test, which view the data in different ways. By using phi coefficients and examining the whole data set simultaneously, weak associations were observed for the combinations of cow's milk-soy, egg-nut, fish-meat, and fruit-vegetable FPIES triggers (Fig 2) . By means of pairwise comparison using the McNemar test with dual known exposures, those infants with FPIES to grains were likely to have a coassociated FPIES to fruits, vegetables, or both (P < .001). In most other instances, there was insufficient dual exposure to the foods of interest to make complete pairwise comparisons. There was a weak association between FPIES to cow's milk/soy (P 5 .035), with 28 known to have had dual exposure and no significant associations between meat/fish (P 5 .059), cow's milk/grain (P 5 .066), rice/oats (P 5 .3), egg/meat (P 5 .46), fruit/vegetable (P 5 .41), fish/shellfish (P 5 1.0), and banana/avocado (P 5 .65). This was also true when groups were compared regardless of a history of known reported exposure (results not shown).
Associations between individual food triggers
In infants with FPIES to rice with a history of known oral exposure to other grains, 11 of 26 had concurrent FPIES to oats, only 3 of 32 had concurrent FPIES to corn, and 2 of 40 had concurrent FPIES to wheat.
Exposure to other milks in infants with FPIES to cow's milk was examined. Of those known to be exposed, 1 of 25 infants reacted to amino acid formula, 6 of 28 infants reacted to extensively hydrolyzed formula, 7 of 10 infants reacted to partially hydrolyzed formula, 5 of 5 infants reacted to lactosefree cow's milk, and 8 of 17 infants reacted to soy.
Thirty-three of 75 infants with FPIES to cow's milk reported FPIES reactions to at least 1 other food group, including 22 to grain, 12 to soy, 6 to vegetable, 4 to fruit, 3 to meat, 2 to egg, and 1 to fish. Five of 12 infants with FPIES to fish had reported reactions to other food groups, including 4 to grains, 3 to meat, and 1 to cow's milk.
Investigations
Of the 230 infants with FPIES, 91 (40%) had never attended an emergency department for treatment of an FPIES reaction, 86 (37%) had attended once, 36 (16%) had attended twice, and 10 (4%) had attended at least 3 times (no data in 7 cases). Of the 132 children presenting to the emergency department on at least 1 occasion, only a small proportion had investigations performed (Table I) .
Advice by reporting pediatrician
Parents of 138 infants were advised to avoid the causative trigger food only, and 85 were advised to avoid additional foods (7 had missing data). Advice to avoid causative foods only compared with additional foods was not associated with type of practitioner (allergist vs pediatrician), FPIES to multiple versus single foods, requirement for emergency department presentation, intravenous fluids, or hypothermia.
Of the 128 infants breast-feeding when the diagnosis of FPIES was made, 30 mothers were specifically advised to exclude the causative food from the maternal diet, and a further 3 were advised to avoid the causative foods and other additional foods. One hundred thirty (57%) of 230 of the infant's parents were provided with an emergency written management plan for their child's FPIES.
DISCUSSION
The true population incidence of FPIES is unknown. The study by Katz et al 3 is the only other current study that has reported an incidence of FPIES. This Israeli single-center large birth cohort only examined FPIES to cow's milk and reported a 2-year cumulative incidence of 0.34%. The relative proportion of FPIES compared with other allergic diseases presenting at tertiary allergy clinics has been estimated at approximately 1%. 5, 6, 11 No large-scale whole-country study has been published to date. We report an Australian population-based incidence of acute FPIES in infants less than 24 months of age of 15.4/100,000/y. This estimate is consistent across most states in Australia, ranging from 13 to 24 cases per 100,000/y, except in low-population states and territories in which no reports were made. The strengths of our current population-based study include its population coverage and the use of a more restrictive FPIES case definition, given that vomiting is a common pediatric condition and that it was not possible based on our study design to challenge patients to confirm the diagnosis of FPIES. The use of a system of major and minor criteria is in in line with moves to tighten the clinical criteria used to diagnose FPIES. 7, 10 It is likely that the APSU methodology is subject to underreporting, and the true incidence is likely to be higher. Underreporting is likely to be due to a combination of infants presenting to primary care practitioners rather than pediatricians/allergists (particularly with less severe presentations), voluntary reporting, incomplete coverage of all practicing pediatricians/allergists within the APSU surveillance system, and parents self-managing without any health care professional involvement. Underreporting of less severe FPIES in our study is suggested by the high cumulative prevalence of FPIES to cow's milk observed in Israel 3 and considerably higher than the overall FPIES incidence we report in our survey. It is likely that infants with less severe FPIES might have not come to specialist attention in the APSU cohort but would have been included in the Israeli single-center birth cohort.
Previous case cohort studies, almost exclusively from tertiary allergy units, have reported on clinical characteristics of FPIES, including common types of trigger food, the spectrum and timing of clinical symptoms, and possible associated or risk factors for FPIES (summarized in Leonard and Nowak-Wegrzyn 7 ). Despite differing case definitions and inclusion criteria for FPIES between these studies and with our current study, some useful comparisons and observations can be made.
A striking difference is the regional variation in which foods commonly cause FPIES. We again report rice as the most common cause of FPIES in Australian infants, 12, 13 with 45% of infants reacting to rice. This is in contrast to data from the United States, 2,5 the United Kingdom, 4 Italy, 11 and Spain, 14 where FPIES to cow's milk predominates. In these cohorts FPIES to rice accounts for 4% to 23% of all triggers. The low reported rate of FPIES to rice in the United Kingdom (4% of all triggers) is surprising, 4 given similar infant feeding practices between Australia and the United Kingdom, with the common use of rice cereal as a first weaning food in both countries. 15 The reported US rates of FPIES to rice (19% to 23%) are approximately half the Australian rate. 5 The reasons for these variations are unclear, and in our cohort the introduction of rice or cow's milk as the first weaning food was not an associated risk factor for the development of FPIES to either of these food triggers.
We found that FPIES to soy is now uncommon in Australia (at 7% of infants) compared with US reports of 41% 2 and previous Australian cohort-based reports of 34% (1992-2007) 12 and 13% (2008-2012), 13 perhaps reflecting decreasing use of soy formula over time in Australia 16 relative to the United States, where the use of soy formula remains more common. 17 Five percent of infants in our study were reported to react to an allergen while exclusively breast-feeding. Although we cannot prove on the basis of our questionnaire that these cases definitely were triggered by food proteins in breast milk, it does highlight that FPIES through breast milk exposure can occur, 11, 18, 19 and food proteins in breast milk appear more likely to trigger non-IgE-mediated food reactions than IgE-mediated food reactions. Despite only 5% of cases occurring during exclusive breast-feeding, almost a quarter of breast-feeding mothers at the time of the report were advised to avoid the trigger allergen in their own diets.
Approximately two thirds of infants in our cohort had a single food trigger identified as causing their FPIES, and 73% reacted to a single food group. These rates are generally in keeping with some US 2 and United Kingdom 4 reports but generally lower than those previously reported for Australia (66% to 84%), Italy (85%), Spain (94%), and other US cohorts. 5 We were particularly interested in identifying any risk factors or predictors for FPIES to multiple foods compared with FPIES to a single food. Younger age at first FPIES episode and reactions to fruits/vegetables were highly associated with having FPIES to multiple foods compared with FPIES a single food. There was a suggestion that a shorter period of exclusive breast-feeding (of <4 months) was associated with FPIES to multiple foods. Others have examined duration of breast-feeding in cohorts with FPIES, finding similar (US) 5 and higher (Italy) 11 rates than those of the general population, but none have specifically examined breast-feeding duration as a potential risk for FPIES to multiple foods. Given the potential ramifications of this association, this requires further exploration and replication in future population-based studies.
We looked for evidence of FPIES-triggering foods clustering together because such information would be useful to inform further challenge-based studies and assist with avoidance advice and OFCs. Previously, FPIES to cow's milk/soy 2, 5 and rice/oats 1 have been reported as potential coassociations. Because of the cross-sectional nature of the study and the inability to expose all infants with FPIES to all relevant possible triggers, it is possible we have underestimated these associations. Despite these limitations, we found strong interactions between FPIES to grains and fruits/vegetables. The relatively low reported exposure to soy milk in infants with cow's milk FPIES hampered the capacity to fully interrogate this potential pairing; however, principal component analysis suggested associations between the fruit/vegetable, soy/cow's milk, egg/nuts, and fish/meat groups. On this basis, infants presenting with FPIES to fruits or vegetables with no prior history of exposure to grains might be considered at risk for FPIES to grains and candidates for an OFC. Some previous reports have suggested that it is unusual for infants to be reactive to both a solid food and cow's milk 3, 20 ; however, of 33 infants with FPIES to cow's milk and at least 1 other identified food trigger, we found that 22 had a grain trigger and others had FPIES reported to fruit, vegetables, meat, egg, and fish. FPIES to fish has been considered to occur in isolation or only associated with other seafood 21, 22 ; however, 42% of infants with FPIES to fish in this cohort had reports of reactions to other food groups, including grains, meats, and cow's milk.
There have been a few case reports of children with FPIES to egg and cow's milk tolerating heat-modified foods. 23 We found infants with FPIES to cow's milk appeared more likely to be tolerant to baked product than infants with FPIES to egg. However, we had no further information as to what baked goods these children were tolerating, and such data need to be interpreted with caution given the low numbers reported to have been exposed to baked allergens.
Our study found the median time of onset of symptoms (2 hours), type and frequency of symptoms, and age at presentation depending on the type of trigger to be in line generally with previous reports (summarized in Leonard and Nowak-Wegrzyn 7 ). [1] [2] [3] 5, 11 Just over half of the infants reacted on the first known oral exposure, suggesting that sensitization can occur through other routes, such as epicutaneously or through breast milk, as with IgE-mediated food allergy. However, we did note, for the first time, that there were less tolerant exposures before first FPIES reactions to fish than to other food triggers. A family and personal history of atopy was common in infants with FPIES, as previously reported. 2, 11 The presence of eczema in those with FPIES increased the risk of coexistent pediatrician-reported IgE-mediated food allergy. The risk of FPIES was significantly increased in those with a sibling with FPIES, which is consistent with previous reports. 2 There was less reported delay in FPIES diagnosis (median delay, 1.5 months) than noted previously in Australia elsewhere (summarized in Leonard and Nowak-Wegrzyn ). This might be due to increasing awareness, particularly given the large number of pediatricians involved in the APSU who received study protocols and information about newly listed conditions, including FPIES, at the commencement of surveillance. 8 Just over half of the parents of infants with FPIES were provided with written management plans to guide responses to further episodes.
The APSU has been used to investigate and report on the incidence of many pediatric diseases over the last 20 years in Australia [24] [25] [26] and meets Centers for Disease Control and Prevention criteria for disease surveillance systems. 8 Weaknesses of the APSU methodology include that not every practicing pediatrician in Australia received or returned a report card, not all infants with FPIES are seen by a pediatrician or allergist, and cases can be missed. It is estimated that approximately half of Australian pediatricians in active clinical practice participate in the APSU. The cross-sectional nature of the data means that duration of the illness and natural history of disease cannot be examined. The strengths are that it captures a relatively representative sample of the population rather than just those infants who attend a tertiary allergy clinic, which can skew FPIES reports by disease severity, relative economic prosperity, or proximity to tertiary services. During the study period, the APSU had an average response rate/month of 90% from approximately 1400 pediatricians. 24 In summary, in our Australian population-wide cohort, we found that FPIES is not rare, has no sex predilection, and most commonly occurs as a response to a single food and single food group. The associations we have found require replication in a prospective cohort in which exposure to all potential FPIES food triggers is undertaken. Currently, we would suggest that infants at high risk of FPIES to multiple foods include those who present early with FPIES to fruits, vegetables, or both. Supervised challenges might be useful before introduction when the food associations we observed are strongest.
